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Features:

1. High supersonic
projectiles (Mach 4+)

. High g maneuvers
(509)

. Short Mission (4 sec)

. Swarm of Projectiles
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@TEZ] Ball M33 Lab Tests 40mm Scaled Ball M33
| T
Optical Verification of changes AR _Tun_nel / CFD
in flow due to mass injection at Mass Injection : Nose,
s Midbody, Boattail
,—’jj@ﬂ [’S Measurements of mass flow
— J J required to affect flow

Long and Short{BoattaiI
Long

Boattail Aft Mass

40mm ARL Projectile

Best ' njs::iton @ TJR_\)J
U. Texas Tunnel / CFD - forces and moments Wse)@@md/
== Year
W Projectile Efi@lfts

Unstable
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Roll control _
: Pitch control

iew
opposed pins
clockwise rotation

=

IR EL LT LT LT T TR

M=4.0
AOA =0°
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Fin Interactions
GTRI Tunnel

p Measured forces generated by pins and mass injection in region near fin
Moment as Function of AOA
15 —&— Cg @ 1235 mm
h@§@2 / ; *[ Total Differential 16

Force: 1.46 Ibs

Pitching Moment (N-m)

Too Much
Pins Near Fins Volume

Generate Required for Input from

Strong Turning Mass Injection ARL on
Moment Size, Sha_lpe,
Mass Dist.

Y, Body Test Rig

Preliminary )
3D Effects It ol ire Round

Understand.FIuid at ARL

‘ Dynamic ]
Steering Force [LGEEIIS Available Test Concept
(Steady & Unsteady) Steering and Hardware

Force
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Understanding Fin=body Corner Flow Interactions

Flow over fin and cyllnder Creates pressure changes on fin
: R
o :
| — a i —
. - Pressures used to

'x (in):v1

Early results proved two things: calculate force on fin

1) More force produced near trailing edge of fin

Differential Forces at 1 Dia Insertion Depth
Scaled to 25 mm Model

2)
f}ﬁ:‘ Georgia
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Ml (G025 Understand trades of pinilocationiand pinishape

i Rationale: Recognizelikelihood ef nen:optimal pin placement
Ao OECMEH

> Round pins 0.1 and 0.2 inch diameter _ &
> Flat pin with same frontal area as 0.2 round pin \) >

> Trapezoidal pin with same frontal area as 0.2 round pin < 7 ' o/

> Pin height fixed at 0.5 in E)&périméntal Setup
- Spacer blocks used to position pin

Rectangle 0.2  Round 0.2 Round 0.1 Trapezoid

Fin

0.2 Round Pin
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M 1.7 C/D Nozzle
Pilocationitest matiix —
Flow Flat Plate
Fin
= 271 unique tests performed o~
: : (-0.650, 1.065)
= 1300 + data points (each location "t
performed 3 times) *
Forces on fin directly measured as T e
opposed to pressure e
measurements ® Original Test Matrix r; ;;; ;;; ,O)

(March 2003)

- d

(-0.1, 0.185)

Extended Test Matrix
o0 (March 2004)
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S=IDContours ol Eorce lData:
Rectangle 0.2 Round 0.2 Round 0.1 Farce (Ib)

11
10.5
10
9.5
9
8.5
8
7.5
.
6.5
6
5.5
5
4.5
4
3.5
3
2.5
Contour plots of side force vs pin location show same trend for all pins 2
1.5
1

Clear evidence of optimal regions for pin location

- Implies there is leeway in placement of pin

= Important as mechanical/space restrictions may not allow for location at optimal location Relative force for
flat pin larger than round with same frontal area

- This likely due to stronger shock (no 3-D relieving effect)
Hypothesis that optimal location should scale with pin diameter, was proven wrong (compare 0.1 and 0.2 dia pins)
) = The 3-D shock interactions are complex and do not lead to simple scaling Georgia
o Authorized for public release. Distribution Unlimited. TeCh “ D[ﬁ)@ﬁﬂﬁ
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Eftectot Separation Distance (between pin and fii)

' DIVIding thESeree By thelrenial anea oifthe pin
prevides 2 1= Grder collapse el tieNmagnituce

o}
o

0]
o

B Severnalldiiierent parametersiere expleredio
GELemIne the effiectiol Sepalation diStance

= The distance from the edge of the fin to the centroid of the pin
provided the best collapse

~J
(]

Force/Area (psi)
P (%)) (o2}

= Optimum separation distance appears to be about 0.41-0.42 in
Rectangle 0.2

W Plots are at Y = 0.775In Round 0.1

[ ] Round 0.2

0.2 0.4 0.6
Distance to Centroid (in)

3 8 8

*

Force/Area (psi)

5 &8 3

2 3

Round 0.1 X/D
Round 0.2 X/D

=R =]
Force/Area (psi)

Round 0.1 XGap
Round 0.2 XGap

y B

[ =R
Dist to Centroid - N
Pin Diameter Distance to Centroid (in)

3 03 04 05 06 07 08

| Gap -(pin.-fin.)

08
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Eftecto PinEeometty

m EFerssameniontal area, yectangiar M 2.475 C/D Nozzle Data
PINIGIVES MIGSTIGICE Y =0.565 in.
= Has least 3-D relieving effect | | ;
- Seems to outweigh additional sideforce f _T_Eii‘iiﬁéié’
generated on trapezoidal pin —e— Round

B Optimal OX;Y)ilecation/independent of
PIN gesmetry

B Enoughitrapezoid data acguired
(before structuralifaiure) to
demonstrate that flat piniis better

—~
o]
=
[«5]
(&S]
=
o
L
[<5]
=]
wn
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' Machij21.€
C/D Nf)zzle
]

ok 2
. , L Shéﬁfor model
Linear Air A 10 #
5 S rotation
B Bearing - WD
Force Sensor for
: moment meagingment
] :
| A -
: o ] Fa ‘?Pressure fransducer and /i vl'
Force Sensors for side force measurement SSighal.Conditio '
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EftectotPin Eleight

Force on Projectile ——
Trapezoid Pin 22.5 deg Orientation Moments Produced by Trapezoid Pin

M = 2.47, Half Body M = 2.47, Half Body, 22.5 deg Orientation
! T T T ! T T T ‘ T T T T T T

—o—Flush
--E--1mm

== 2mm
- +—3mm

I ************ thcreasing*Pih
i 1 i Height

Force (Ib)

—e— [lush
==E=-=1mm

-+ =2 mm
= 4 3mm

Moment (in-lb)

B Force dominated by AOA of projectile
m Non linear effect of pin height on moment
B Projectile should be rotate to about 5 degrees with pin deployed
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B RockerPinEamwarelnstalieduavind
liuRnelrsScalelVieael

m Using 90 psi Click to Play
~ Very large holding force

» Response time on order of 10 ms Movie
- Rotates projectile over 4 degrees
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l EXPENMENLS SHBWED

B Need CED to complete picture
- Little flow understanding

~-Better drag and force measurements
~-Use full 3-D body

B Combine EFD and CFD to predict Range Tests
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Using CEtorPredict Rangesliestikesults

= no pin
A rectangular pin
* trapezoidal pin

rectangular pin
trapezoidal pin

B Drag and Roll Torque Predicted . \
using CFD £
 Allowed for estimation of m
performance in range s
- Fewer shots required as we knew how ﬁ
many rotations to expect downrange = —

% OA=0°
) Georgia
e Authorized for public release. Distribution Unlimited. TeCh “ Dﬁﬂ@ﬁﬂﬁ

L 06/21/2007 18




B [otal shots fired: 15 rounds
>
1 at Mach 2

3 with long pins (0.1 in height) at Mach 3

9 with short pins (0.07 in height)
3 at Mach 3
3 at Mach 2.5
3 at Mach 2

Picture of test facility
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AlKIFRangesliestSetup

B Gl OKrhegenaIDEray Stiations NearVitizzl e
= Showed that Sabot Separated Cleanly

35 ShiadeworaphiStatiens=te 100 m Dewnranoe

» Generated Images that were used to determine;
» Roll and Pitch Damping
» Drag

» Number of Revolutions — Spin Rate

spark source

6 orthogonal x-ray

stations \

OOO000
25-mm smooth
bore gun

d

~
sabot stripper station #1

station #2 station #35 target

Blast Chamber Spark Shadowgraph Stations
(&) Georgia
Authorized for public release. Distribution Unlimited. TeCh “ D[m@ﬁﬂﬁ
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12.5 mm
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_ Stations 295 and 300
Stations 22 and 27 90m to 91.4m

~ 6.7/mto8.2m Over 90° rotation )
Little Spin Observed Georgia
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IKangeriest Comparison with (EEiD

W Comparison with measured data not as good as expected
~-Drag under predicted at all Mach numbers

- Roll torque prediction worse as Mach number increased

° short pin
——— CFD - rectangular pin

rifled - multiple (Whyte et al., 2002)
o} baseline
° short pin - multiple

——#—— CFD - rectangular pin
———— CFD - baseline
s CFD augmented rifled data

(&) Georgia
b 4 Authorized for public release. Distribution Unlimited. TeCh “ D@@ﬁnﬁ
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Wihatswent wiongs?

B Compromises in machining small rounds led to significant differences between CFD

geometry and test rounds

B New grid generated and new runs accounting for
- Fin leading edge bluntness
> Fillet at base of fin
= Round pin versus Rectangular

130000
120000

Georgia
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ComparisonwithrUpdated Eeometry,

B Once a more accurate geometry was modeled, a much better correlation was found
between the computed and measured drag and roll torques

B Allowed us to proceed with divert test on full scale rounds

0 0.4 T T
oor TR — A —— | | | |
- 3 3 [ i i ] b . T T —
: ‘ i | : i 0.35 | ! ! [!]D 1
_ i | | | | | ~ 0.
e i } : ; } 3 m o i ;
2 -0.02 e e A A < | 1
< - ! 3 ! ! 1 ] & ®
2 I | | | | | 1] 8 ®
<3 : £ 03 [ N
|2 L ‘ : ‘ : : N 8 : ‘ ‘ %
= -003 O Long Pin (Range-Prodas) |---------- ,,,,,,,,,,,,,,,, b . = O Long Pin Cd (Range-Prodas)
@ - ® Long Pin (CFD) | | 1 a L ® Long Pin Cd (CFD)
[0 Short Pin (Range-Prodas) . | : [0 Short Pin Cd (Range-Prodas) : :
= B Short Pin (CFD) : g 1 025 ---{ M Short Pin Cd (CFD) s LLERITREERI R b .
-0.04 ‘ e e . . ‘ | | ]
| ‘ .o
_0.05 L L L i L L L i L L L i L L L i L L L i L L L 0.2 . . . i . . . i . . . i . . . ; . . . i .
1.8 2 2.2 24 2.6 2.8 3 18 2 22 24 26 28 3
Mach Number Mach Number

o
Tech |j| Institutte
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SabotandiiaunchiiFackageikesolution:

lINEWSEL Ol roUnaS maceWItnHnCrEASEM StalicH o[
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Aim Point

Series of yaw cards show that projectile is clearly diving

L down due to pins deployed after launch.
b1
\ = ,
4 '\
[ ,1-"
b
. 5
_ i
g } e ,'; N
e :
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l| 5 (loUS O oIStations

o8
N

l E5CN| Stalion ProViCeES Sao oWdapnSior:

Group 1 Group 2 Group 3 Group 4 Group 5

_llllllllllllIIIIII“IIIIIIII“IIIIIIII““.. m“ “I“ -
"- 3m

Nominal Pin Deployment
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Demonstrate d EighiGHurnion Stablerl’rojectile

Stable projectile for testing (1.5 caliber
static margin)

~14 g divert maneuver

=
c
0
=
@
o]
a
®
=
t
]
>

~80 N force created by control pins

Preliminary data reduction
9.4 g horizontal

More data will be available in the near acceleration

future

—
£
S
c
Q
=
o
[}
o
©
s
c
o]
N
=
Q
£

Concept promising for high g maneuvers
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lATCEmonStralion oirSteeng aViach 2 projectile USINg the OUIGanCENIINSWAS

SUCCEsSIul

l e combined CED anoiEXpENmMEntal ENontSHED
UNEENECLS O tNe PInS

CD
t—l
{25
L_
(13
\'\ 5
13
F

[Stanaing or:

ess range tests were required because ence the predictions were validated,
Was proven we understood the aerodynamics

- This saved substantial amounts of money
> $10,000 bullets and 5 range operators and 2 PhDs add up fast
> (As does destruction of the ADT alarm box)

Less Bullets = Less $$—IFD=GOOD
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